Introduction
Macrophages are central players in HIV-1 pathogenesis: they are among the first cells infected by the virus, and have been proposed to spread infection to the brain and to form a long-lived virus reservoir 1, 2 . Two recent studies have shown that HIV-1 in macrophages assembles in a newly-identified intracellular compartment that is a large and complex invaginated plasma membrane domain 3, 4 . The function of this compartment is unknown, but presumably HIV-1 may be stored here, protected from effector elements of the humoral immune system.
In direct T cell-T cell spread of HIV-1, we and others have demonstrated that HIV-1 forms a 'virological synapse' (VS) [5] [6] [7] [8] . The VS is a multi-molecular complex that forms at the interface between HIV-1-infected and uninfected, receptor-expressing cells. Its assembly is driven by gp120-CD4-coreceptor interactions and depends upon stable cell-cell junctions maintained by adhesion molecules 5, 9 . Direct T cell-T cell spread is likely to be the dominant mode of viral spread between these cells in culture, and probably in vivo 7 . HIV-1 also appears to spread from dendritic cells to T cells via a VS 10 .
HIV-1-infected MDM can also transmit virus to PBL 2, 11 , but the underlying mechanism has not been elucidated.
Here, we investigated the transfer of HIV-1 from MDM to autologous CD4 + T cells, and found that transfer of virus is rapid, and takes place across transient VS between T cells and MDM.
Materials and methods
Human MDM were generated and infected with HIV-1 BaL as described 4 , and maintained in X-VIVO medium (Lonza, Walkersville, MD) containing 1% autologous heatinactivated and filtered serum. Autologous CD4 + T cells were negatively selected from PBL (Miltenyi-Biotec, Bergisch-Gladbach, Germany). Samples were fixed and stained as described 3, 12 , and were mounted in ProLong Gold antifade reagent (Invitrogen, Carlsbad, CA), and analyzed at RT using a non-inverted Zeiss LSM5 Pascal microscope, linked to Pascal software V4.2SP1. Images were acquired using a 63x oil immersion objective (1.4 aperature) and processed using Adobe Photoshop V8.0. 
Results and Discussion
We co-cultured HIV-1-infected MDM ( Figure 1A) , with autologous CD4 + T cells for 6 hours, followed by fixation and staining for LSCM analysis. The T cells were pre-stained with CD4 non-blocking antibody 13 , and after fixation and permeabilization, samples were could not exclude the possibility that at least a proportion of the viral antigens were
For personal use only. on August 16, 2017 . by guest www.bloodjournal.org From accumulating within the MDM at the contact site with the T cell, but virus was not infecting the T cell. However, we noted that the T cell contacts with the MDM were transient, and many T cells detached from the MDM after becoming Gag-positive, confirming that Gag was transferring to the T cell. To investigate this further, we carefully aspirated detached T cells from the MDM-T cell co-cultures, and analyzed them by LSCM ( Figure 1D ). We observed that 5-10% of the T cells were Gag-positive at 6 hours post co-culture. This confirmed that the interactions between MDM and T cells were short-lived, and combined with the data from 1B+C suggested that HIV-1 is efficiently transmitted to CD4 + T cells across a transient VS-like structure 5, 6 . This was reinforced by EM analysis of the contact zone between HIV-1-infected MDM and CD4 + T cells, which was characterized by tight adhesive junctions between the cells with regular gaps or pockets ( Figure 1E ). We found no evidence of cell-cell fusion, consistent with the lack of syncytium formation observed by LSCM. HIV-1 was detected within vesicular MDM-compartments similar to those previously described 3, 4 (1 st panel Figure   1E ), and virus was observed both proximal to, and in contact with, adherent T cells 
